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ERROR DISTRIBUTION FOR THE APPROXIMATION OF THE 
PIXEL COLOR OF A DIGITAL IMAGE 

TECHNICAL FIELD 

The present invention relates to the processing of digital images and in 
particular to the reduction of the colors of a digital image to the colors of a color look-up 
table of reduced size. 

BACKGROUND OF THE INVENTION 

A digital image is conventionally formed of pixel rows and colimins. Each 
pixel, located by an abscissa and an ordinate, is in particular associated with a color. The 
colors of all pixels of a same image are conventionally coded with a same number of bits, 
this number determining the number of possible colors for each pixel. As an example, a 
coding (called RGB coding) is considered, in which the colors are represented by three 
components: red (R), green (G), and blue (B), each of which is coded over eight bits. Such 
a coding enables describing 2^^^, that is, more than 16 million different colors. 

Fig. 1 very schematically shows a fragment of a digital image 2, organized 
in pixel lines and columns. Each pixel i of image 2 is located by an abscissa X(i) and an 
ordinate Y(i), and is associated with a color RGB(i). In Fig. 1, the two first pixels 0 and 1 
of the first line of image 2 have been shown. Considering that image 2 is organized in lines 
of n pixels, the two first pixels of the second image line are designated by n and n+l. An 
example of color coded over 24 bits has been associated with each of the shown pixels. 
For clarity, each of components R(i), G(i), and B(i) is shown in hexadecimal. Pixel 0 has a 
color RGB(O) = Fl 1, pixel 1 has a color RGB(l) = lAl, pixel n has a color RGB(n) = IBO, 
and pixel n+1 has a color RGB(n+l) = CEO. 

In certain applications, it may be desired to reduce the number of bits 
associated with the colors of a digital image. An image of a given number of pixels having 
its colors coded over a large number of bits represents a large number of bits, and reducing 
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this number may enable storing the image in a reduced memory space or transmitting it, for 
example with a modem, in a shorter time. 

A known solution consists of creating a look-up table, or color look-up table 
(GLUT) containing a restricted number of colors coded like the original colors of the 
5 pixels. Each pixel then is associated with an address chosen in the look-up table, which 
corresponds to the GLUT color that is closest to its original color. 

Fig. 2 schematically shows a circuit 4 enabling performing an 
approximation such as described hereabove of the color of the pixels of an image. Gircuit 
4 includes a memory (MEM) 6 in which are stored the GLUT colors and an evaluation 

10 circuit (EVAL) 8, a first input of which receives the GLUT colors, and a second input of 
which successively receives the original color of each pixel. For the type of coding taken 
as an example, if Rp, Gp, and Bp are the components of a color of the look-up table, the 
difference between an original color RGB(i) of a pixel i and this color can be calculated as 
I R(i)-Rp I + 1 G(i)-Gp 1 + 1 B(i)-Bp | . The search for the closest GLUT color to the original 

1 5 color of a pixel can be performed by systematically scanning the entire look-up table, but 
can also be performed by means of faster search algorithms, for example, a search 
algorithm taking the successive median colors between the closest colors obtained in the 
look-up table for the preceding evaluations of the same pixel while however determining, 
for each evaluation, the sign of the difference. Once it has determined the GLUT color 

20 which is closest to the original color of a pixel, evaluation circuit 8 selects this GLUT color 
(CLUT(RGB(i))) by associating with pixel i the address of this color in the color look-up 
table. As indicated previously, the color look-up table includes a reduced number of 
colors. The address of the GLUT colors thus comprises a reduced number of bits. By 
replacing for each pixel of an image the code of its original color by such an address, the 

25 memory size of the digital image is substantially reduced. As an example, by associating 
with the colors coded over 24 bits of a digital image an address of a color of a color look- 
up table of 256 colors, coded over 8 bits, the size of this image is substantially divided by 
3. 
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Fig. 3 very schematically shows a digital image 10 corresponding to digital 
image 2 of Fig. 1 after approximation of its colors. In the case shown, it is assumed that the 
GLUT colors that are closest to the original colors of pixels 0, 1, n and n+l of image 2 
respectively are the colors having codes FOO, lAO, lAO and CAO. Evaluation circuit 8 
5 associates GLUT color FOO with original color Fll of pixel 0, GLUT color lAO with 
original colors lAl of pixel 1 and IBO of pixel n, and GLUT color GAO with original color 
CEO of pixel n+1. 

It should be noted that such an approximation method results in a loss of 
information by associating with several different original colors the same GLUT color. 

10 Thus, it eliminates from an image the color blendings that may be present, and it creates 
uniform color areas abruptly separated from one another. This phenomenon is particularly 
disturbing, for example, when the digital image includes areas such as a face, including 
many blendings of flesh color of different shades, exhibiting a low contrast with respect to 
one another. The previously-described approximation of the colors of a face 

15 conventionally displays a reduced number of areas with a strong contrast between one 
another, which is not very attractive. 

Such a problem can be attenuated by a judicious choice of the color look-up 
table. In the preceding example, this amounts to storing in the GLUT a sufficient number 
of shades of flesh color to enable a convenient approximation of the color blendings in a 

20 face. However, such a solution is not always implementable, the GLUT size being limited. 

Another known solution to attenuate the contrast between the color areas 
created by the preceding approximation method consists of artificially mixing the colors of 
the pixels located at the border of the areas of same color in the image. Thereby, after 
approximation, the separation border between the color areas is no longer clear, but has the 

25 aspect of a cloud of points. The human eye mixes the colors of the points of this cloud into 
a homogeneous color and it accepts this recomposed color as being an intermediary color 
between the two color areas. This mixing of the border pixel color is performed by adding 
a correction term to the original color of each pixel before its approximation. This 
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correction term is a function of the evaluation errors of the preceding pixels, each assigned 
with predetermined weighting coefficients. 

Fig. 4 schematically shows the preceding pixels i-1, i-n-1, i-n and i-n+1 
conventionally used for approxunating the original color of a pixel i of an image 2. It 
5 should be noted that pixel i-n represents a pixel of the preceding line, of same abscissa as i. 
In known solutions, it has been determined that correction term E(i), added to original color 
RGB(i) of pixel i for its approximation must, to obtain an acceptable result, be equal to: 

Kl.ERR(i-l) + K2.ERR(i-n-l) + K3.ERR(i-n) + K4.ERR(i-n+l), 

where Kl, K2, K3 and K4 are predetermined fixed coefficients, and where ERR(i-l), 
10 ERR(i-n-l), ERR(i-n), and ERR(i-n+l) correspond to the error approximations calculated 
for pixels i-1, i-n-1, i-n, and i-n+l. In other words, 

ERR(i) = I RGB(i) + E(i) - GLUT (RGB(i) + E(i)) | . 

To obtain good results, the coefficients generally are the following: Kl = 
7/16, K2 = 1/16, K3 = 5/16, and K4 = 3/16. 

15 Such a method amoxmts to adding, to the future values of the four pixels 

adjacent to the current pixel: 7/16 of the current error to the right-hand pixel (i+1), 3/16 of 
the error to the lower left-hand pixel (i+n-1), 5/16 of the error to the lower pixel (i+n), and 
1/16 of the error to the lower right-hand pixel (i-f-n+1). 

A first disadvantage of the above conventional method is that it requires, for 

20 the processing of each pixel, effecting four multiplications to weight the evaluation errors 
of the preceding pixels, and four additions to calculate the correction term. These 
multiplications and additions are effected on codes having the length of the codes of the 
original pixel color, that is, including a large niunber of bits. Thus, such operations are 
relatively complex to implement, in particular in an integrated circuit. 

25 A second disadvantage is that, to process a pixel of an image line, it is 

necessary to store in the memory the evaluation errors of three preceding pixels located on 
the preceding image line. Thus, this approximation method requires permanently 
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memorizing the approximation errors calculated for the pixels of the entire preceding line. 
These approximation errors must be stored in a specific memory, which increases the 
complexity of a circuit intended for implementing this method. 



SUMMARY OF THE INVENTION 
5 An embodiment of the present invention overcomes the disadvantages of 

known solutions. The embodiment provides a solution for approximating the original color 
of the pixels of a digital image that only requires a small number of calculations and that 
does not require keeping in memory the approximation errors of the preceding line. 

The embodiment obtains visually acceptable images, by means of a method 
10 that is simple to implement in an integrated circuit. 

I- _i 

Q An embodiment of the present invention also provides a circuit for 

}^ implementing such a method. 

li The method approximates the respective colors of pixels of a digital image 

in by selecting, firom a look-up table and successively for each pixel of the image, a color, the 

~J 15 code of which comes close with the smallest error to the sum of the code of the current 
pixel color and of a correction term, in which the correction term is equal to the smallest 
error calculated upon approximation of a preceding pixel, assigned with a weighting 

E . 3 

£3 coefficient depending on the position of the current pixel in the image. 

""^ According to an embodiment of the present invention, the weighting 

20 coefficient is a function of the respective least significant bits of binary codes representing 
the abscissa and the ordinate of the position of the current pixel. 

According to an embodiment of the present invention, the weighting 
coefficient is chosen fi-om among a first and a second value when the least significant bit of 
the abscissa of the position of the current pixel is null and when respectively, the least 
25 significant bit of the ordinate of the position of the current pixel is null or equal to one, and 
fi-om among a third and a fourth value when the least significant bit of the abscissa of the 
position of the current pixel is equal to one and when respectively, the least significant bit 
of the ordinate of the current pixel position is null or equal to one. 
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According to an embodiment of the present invention, the first value is 
equal to 0.25, the second value is equal to LOO, the third value is equal to 0.75, and the 
fourth value is equal to 0.50. 

According to an embodiment of the present invention, the image is scanned 
5 line by line, and the correction term is null for the first pixel of each line. 

An embodiment of the present invention also provides an electronic circuit 
that includes means for implementing any of the embodiments of the preceding 
approximation method. 

According to an embodiment of the present invention, the electronic circuit 
10 includes a memory in which are stored the codes of the colors of the look-up table, an 
evaluation circuit, a first input of which is intended for receiving a color code from the 
3 memory and a second input of which receives a corrected code, for selecting the stored 

L! color, the code of which comes close with the smallest error to the corrected code and for 

S3 generating a correction term equal to the difference between the selected stored color and 

[f| 15 the corrected code, and a correction circuit for generating the corrected code, equal to the 
sum of the code of the color of a current pixel and of the correction term, assigned with the 
weighting coefficient. 

The foregoing objects, features and advantages of the present invention, will 
£2 be discussed in detail in the following non- limiting description of specific embodiments in 

20 connection with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figs. 1 to 4, previously described, are intended for showing the state of the 
art and the problem to solve; 

Fig. 5 schematically shows the pixels taken into account in an error 
25 distribution approximation method according to an embodiment of the present invention; 
and 

Fig. 6 schematically shows a circuit intended for implementing a color 
approximation method according to an embodiment of the present invention. 
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DETAILED DESCRIPTION OF THE INVENTION 

For clarity, the same elements have been designated by the same references 
in the different drawings. 

A feature of the present invention is that it provides calculating by means of 
5 a coefficient, the value of which is a function of the pixel abscissa and ordinate in the 
image, a correction term added to the original color of each pixel, upon its approximation. 

Another feature of the present invention is that the correction term, added to 
the original color of each pixel before approximation, is calculated based on the 
approximation error of a single pixel, inmiediately preceding the current pixel. 
10 Fig. 5 schematically shows pixels i and i-1, used according to an 

embodiment of the present invention to calculate the correction term added to the original 
color of current pixel i. Keeping the previously used notations, the approximation error 
calculated for the pixel i-1 preceding pixel i is called ERR(i-l). This error preferably 
corresponds to the modulus of the difference between the code of the original color plus the 
15 correction term and the code of the closest color in the color look-up table. According to 
the embodiment of Fig. 5, the approximation of original color RGB(i) of pixel i is 
performed by searching, in the look-up table, the closest color to the simi of RGB(i) and of 
a correction term E^i), where F(i) = k'.ERR(i-l). 

Coefficient k' is, according to a preferred embodiment of the present 
20 invention, determined by means of the following truth table 

pf(X(i)) 0 0 11 
pf(Y(i)) 0 10 1 
k' kl k2 k3 k4, 

where pf(X(i)) and pf(Y (i)) respectively designate the least significant bit of a binary code 
25 respectively representing abscissa X(i) and ordinate Y(i) of pixel i. 

Thus, the weighting coefficient is a function of the position of the pixel in 
the image but is the same for all the pixels having abscissa and ordinate binary codes with 
the same least significant bits. 
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The present inventors have determined that the follov^ing values may 
advantageously be used: 

kl = 0.25 
k2 = L00 

5 k3 = 0.75 

k4 = 0.50. 

The pixels of a digital image are, preferably and as previously, sequentially 
processed, line after line. Preferably, the correction term of the first pixel of each line is 
null, since the pixel preceding a line beginning pixel is not its neighbor in the image. It 

10 should be noted that according to the preferred embodiment of the present invention, the 
approximation method includes a single addition and a single multiplication for the 
calculation of the correction term, and that it only requires memorizing the approximation 
error of the pixel preceding the current pixel. Thus, this method will be particularly simple 
to implement in an electronic circuit. 

15 Fig. 6 schematically shows a circuit 12 for implementing the method just 

described. Circuit 12 includes a memory 6 (MEM) connected to a first input of an 
evaluation circuit 8 (EVAL). A correction circuit 14 (REDIS) has a first input connected 
for successively receiving the color of each pixel, and a second input connected for 
receiving the evaluation error ERR(i) made by evaluation circuit 8 upon evaluation of each 

20 pixel i. 

Blocks with no reference also illustrate the data associated with the inputs- 
outputs of elements 6, 8, and 14 for a pixel i provided to circuit 12. For each pixel i, 
correction circuit 14 provides evaluation circuit 8 with the sum of the original color RGB(i) 
of pixel i and of the correction term F(i) calculated based on evaluation error ERR(i-l) of 
25 the preceding pixel i-1, with E*(i) = k'.ERR(i-l), k' having been previously defined. 
Evaluation circuit 8 associates to this sum the look-up table color CLUT(RGB(i) + E^i)), 
the color of which comes close with the smallest error. Approximation error ERR(i) 
provided by evaluation circuit 8 to redistribution circuit 14 for the next pixel is this 
smallest error. 



Of course, the present invention is likely to have various alterations, 
modifications, and improvements which will readily occur to those skilled in the art. For 
example, a method in which the weighting coefficient used to calculate correction term 
E'(i) of a pixel i is selected from among four values according to the least significant bit of 
5 the codes of the abscissa and ordinate of this pixel has been discussed, but a greater nimiber 
of weighting coefficients may also be used, for example sixteen values selected according 
to the two least significant bits of the abscissa and ordinate. Further, the present invention 
has been described in relation with RGB-coded colors, for which the distance between two 
colors can be evaluated by calculating the sum of the absolute values of the differences of 

10 the RGB components of the two colors, but those skilled in the art will easily adapt the 
present invention to colors coded differently. 

Such alterations, modifications, and improvements are intended to be part of 
this disclosure, and are intended to be within the spirit and the scope of the present 
invention. Accordingly, the foregoing description is by way of example only and is not 

1 5 intended to be limiting. The present invention is limited only as defined in the following 
claims and the equivalents thereto. 



9 



